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(54) Reld sequential liquid crystal colour display 

(57) The object of this invention is to provide a liquid 
crystal display that is able to realize a sequential color 
illumination method, i. e. that can advantageously 
achieve a high resolution full color display with no need 
of any color filters. For the purpose of attaining the 
object above, this invention provides a liquid crystal dis- 
play characterized by being provided with a display 
panel in which a phase compensation plate is disposed 
in front of a bend oriented liquid crystal cell with a cell 
gap of 7 tun, said cell and phase compensation plate 
being inserted between two cross polarizers, a TFT 
active matrix driving each image element by dividing 
said display panel into elements in a matrix array, and a 
surface light source sequentially illuminating three color 
lights of red, green and blue on the rear face of the dis- 
play panel. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a liquid crystal display that 
is frequently used for conventional electronic displays 
such as monitors of televisions and computers, in more 
detail to a liquid crystal cfisplay suitable for a sequential 
color illumination method, which is called "field sequen- 
tial color display" as a technical terra 

2. Description of the Related Art 

Although conventional liquid crystal displays 
(abbreviated as LCD hereinafter) had been usually 
used for monochromatic displays, expressing arbitrary 
colors was made possible since a method for controlling 
transmittance of image elements for each color with a 
liquid crystal by attaching micro-color filters to each 
image element in a liquid crystal cell (micro-color filter 
method) was developed (Handbook of Liquid Crystal 
Device (1990). p492, edited by 142th Commission 
Panel of the Science Council of Japan, published by 
Nikkan Kogyo Shinbun-sha). 

The color filter method involves, however, problems 
as follows: 

(1) Two third or more of incident beam is wasted by 
being absorbed by color filters for each color; for 
example 70 to 90 % of light energy is wasted since 
a red color filter absorbs blue and green spectra. 

(2) Triple loss in resolution and driving circuits is 
inevitable since one image element is composed of 
three color pixel of red, green and blue. 

For solving these problems, a method called a 
sequential color illumination method (a field sequential 
color method) has been developed in which three color 
images are sequentially displayed without attaching 
color filters to each image element (Liquid Crystal Dis- 
play Technology (1996): by Shoichi Matsumoto, p50. 
published by Sangyo Tosho Co.). 

To avoid twinkling to the eye due to color switching 
(flickering) in the sequential color illumination method 
described above, three colors should be switched within 
about 1/60s that is one flame time (image display time 
for a set of three colors), i. e. , about 1/1 80s or about 6 
ms, per one color. The response time of the liquid crys- 
tal should be about 3 ms or less provided that, for exam- 
ple, one-half of the time above is allotted for switching of 
each image element, or response of liquid crystals, and 
a back-light is turned on during remaining one-half of 
the time. 

However, a LCD by a sequential color illumination 
method having a high response speed, being able to 
display half-tone images and being easily produced has 



not yet been realized. 

For example, a TN type (twist nematic type) liquid 
crystal cell (abbreviated as TN cell) currently used for a 
high quality active matrix (AM) LCD can not be used for 

5 the sequential color illumination method because, 
though it depends on the required half-tone state, its 
response time is as long as 20 to 1 00 ms. When the liq- 
uid crystal cell is forcibly applied for the low speed 
sequential color illumination method, the quality of dis- 

w play is largely deteriorated due to the occurrence of 
flickering. The response is far more delayed in STN type 
(super twist nematic type) liquid crystal cells practically 
used in the simple matrix method, being 50 to 300 ms in 
the response time. While a ferroelectric liquid crystal 

is cell has a high response speed, it has some problems 
that half-tone images can be hardly displayed, cell gaps 
should be made very thin and a troublesome orientation 
treatment is required. 

The inventors of this invention proposed a liquid 

20 crystal display element using a bend orientation liquid 
crystal cell (including a liquid crystal cell in which a 
twisted orientation exists at the center of the cell ; 
abbreviated as a bend cell hereinafter) and a phase 
compensation plate (a phase difference plate) in Japa- 

25 nese Unexamined Patent Publication No. 7-84254. In 
this element, a biaxial phase compensation plate that 
three-dimensionally compensates retardation of liquid 
crystal cells is placed on a bend cell to suppress visual 
angle dependency, thereby widening visual angles of 

30 the cell. Since the bend cell can be driven by a similar 
voltage as that of the TN cell by designing the phase 
compensation plate to optically compensate orientation 
of liquid crystal under a low voltage, the element can be 
practically manufactured by a conventional production 

35 process. As shown in Fig. 8, the response time of this 
bend cell (cell gap of 8 urn) is 2 to 8 ms, which is as 
small as 1/10 or less than that of the TN cell described 
above (the response time is 10 times faster). However, 
since the response time becomes far more larger than 3 

ao ms depending on the switched half-tone levels (gray 
level), this type of cells are not yet sufficient for compos- 
ing displays for the sequential color illumination method. 

SUMMARY OF THE INVENTION 

45 

Accordingly, the object of the present invention is to 
provide a liquid crystal display that can realize a 
sequential color illumination method, i.e., a high resolu- 
tion full color display can be advantageously attained 

so with no need of any color filters. 

The investigators of this invention found that, 
through intensive studies, the response speed of the 
cell can be made much more higher by optimizing 
parameters of the bend cells and device parameters, 

55 thereby completing the invention to be described here- 
inafter. 

This invention provides a liquid crystal display char- 
acterized by being provided with a display panel in 
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which a phase compensation plate is disposed in front 
of a bend oriented liquid crystal cell having a cell gap of 
7 urn, said cell bind phase compensation plate being 
inserted between two cross polarizers, a TFT active 
matrix driving each image element by dividing the dis- 5 
play panel into elements in a matrix array, and a surface 
light source sequentially illuminating three color lights of 
red, green and blue on the rear face of the display 
panel. 

The term "bend orientation liquid crystal cell (bend 
cell)" is literally referred to "a liquid crystal cell having a 
bend orientation structure" including "a liquid crystal cell 
having a twisted orientation at the center of the cell" that 
is electro-optically almost equivalent. 

It is preferable that the liquid crystal cell is provided 
with a recording device that allows to execute two or 
more times of recording (refresh) to each image ele- 
ment prior to illuminating with each color light being 
also preferable that materials for TFT is poly-silicon. 

This invention also provides a method for recording 
to the liquid crystal display characterized in that two or 
more times of recording is executed using the recording 
device prior to illuminating with each color light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a display panel pro- 
vided by this invention. 

Fig. 2 is a graph indicating (a) a relation between 
transmrttance and voltage and (b) switching response 
characteristics of half-tone image (1 to 6 in (a)) of a 
bend cell having a cell gap of 6 jim. 

Fig. 3 is an illustrative diagram of three terminal ele- 
ment type AM drive LCD. 

Fig. 4 is a FET drive circuit diagram simulating AM- 
LCD using TFT. 

Fig. 5 is a schematic drawing illustrating the con- 
struction of a back light. 

Fig. 6 is an illustrative drawing of AM-LCD simu- 
lated experiments, were in (a) to (c) are gate a voltage 
Vg, drain voltage Vd and source voltage Vs, respec- 
tively, while (d) is a response curve for transmrttance of 
the liquid crystal cell and (d) is an output of the back 
light. 

Fig. 7 is a graph indicating a response characteris- 
tic for switching half-tone images of a TN cell. 

Fig. 8 is a graph indicating a response characteris- 
tic for switching half-tone images in a bend cell having a 
cell gap of 8 ^im. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a schematic drawing provided in this inven- 
tion. As is apparent from the figure, a phase compensa- 
tion plate (phase difference plate) 3 is disposed in front 
of a bend orientation liquid crystal cell (bend cell) 1 in 
the display panel 10, the bend cell 1 and phase differ- 
ence plate 3 being inserted between two cross polariz- 



ers 5, 5. Also shown are a bend-oriented liquid crystal 
1 1 and two glass plates (substrates) 1 2 between which 
the liquid crystal is inserted, and a sheet of transparent 
conductive f 9m is provided on the glass plates 1 2. A sur- 
face light source 7 for sequentially illuminating three 
color lights of red (R), green (Q) and blue (B) is provided 
at the rear face of the display panel 1 0, wherein a draw- 
ing of a circuit for switching the color is omitted. The 
active matrix will be described hereinafter. 

Liquid crystal molecules are inclined into a reversed 
direction with each other on the surface of the top and 
bottom substrates 12 in the bend cell 1 . When a voltage 
is impressed on the cell, the liquid crystal molecules 
may take either a bend orientation or a orientation hav- 
ing a twisted orientation at the center of the cell. The liq- 
uid crystal cell according to this invention is represented 
by a term "bend orientation liquid crystal cell (bend cell)" 
because two orientations described above are electro- 
optically almost identical with each other. 

While it was disclosed in Japanese Unexamined 
Patent Publication No. 7-84254 that the liquid crystal 
cell having such orientation has a rapid response to ori- 
entational changes (i. e. change in transmrttance) 
against voltage changes, liquid crystals having a low 
viscosity, tor example LIXON TD-6004XX, TD-6001XX 
and TD-5068XX made by Chisso Co., were adopted in 
order to further increase the response speed for the 
purpose hitherto described, together with optimizing 
pre-titt angles and phase compensation plates comply- 
ing with the conditions above, as well as making cell 
gaps small. 

Usually, the cell gap has been determined to be 7 
fim or more in the conventional art since smaller cell 
gaps tend to decrease the transmrttance mder the 
same driving voltage. However, such cell gaps makes it 
difficult to attain a response speed of 3 ms or less. 

On the contrary, decrease in transmrttance is small 
according to this invention when the cell gap is less than 
7 11m, which enables to attain a response speed of 
about 3 ms or less. 

However, when one attempts to reduce the cell gap 
to less than 1.5 nm, a liquid crystal having a birefrin- 
gence An of over 0.6 is required in relation to retarda- 
tion. Since this requirement is difficult to be achieved by 
the current manufacturing technique, the lower limit of 
the cell gap is set to 1.5 urn for the present 

It is preferable that the viscosity of the liquid crystal 
is 70 mPa*s or less, since a value of more than 70 
mPa*s makes the response of the liquid crystal to be 
retarded. 

The pre-titt angle is recommended to be set to 2 to 
30° . When it is less than 2 0 , the vias voltage V CR for 
allowing the liquid crystal to take a bend orientation 
becomes several volts or more resulting in a too high 
driving voltage while, when it is ever 30 0 , retardation 
will be so small that transmrttance of the liquid crystal 
cell would be lowered, both of which being not prefera- 
ble results. When a measure for forming a network of 
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polymers is adopted by irradiating with ultraviolet light 
while a voltage is impressed on the liquid crystal, how- 
ever, the pre-titt angle can be set within a preferable 
range of 0.1 to 30.0°. 

The optimum phase compensation plate is s 
designed so that the orientation of liquid crystals under 
a low voltage (about 6V or less) is optically compen- 
sated. Refractive indices of the plate is set to be ny > n x 
> n z as shown in Fig. 1. However, these values may 
changed to be n Y > n z > n x depending on physical 
parameters of the liquid crystal. 

Fig. 2 is a graph indicating (a) a relation between 
transmittance and voltage and (b) response character- 
istic of switching the half-tones image (1 to 6 in (a)) of a 
bend cell having a cell gap of 6 um. In Fig. 2 (b), a 
change from a low level to a high level in the half-tone 
images and a reversed change correspond to rise and 
decay time, respectively, ft is evident from the figure that 
the response time mainly depends on the final level of 
the half-tone image, that the response time is retarded 
at a low voltage, and that the object that the response 
time should be within about 3 ms as a whole is almost 
attained while it is a little slower than 3 ms in the worst 
conditions. 

Afthough a cross polarizer should be provided in 
order to visualize the changes in the orientation of liquid 
crystals in an electric field, those having an optical char- 
acteristics with little wave length dependency may be 
selected, ft is desirable that, in constructing a LCD using 
a display panel according to this invention, an active 
matrix driving method frequently used in TN cells having 
color filters and being able to be applied for transmissive 
type with a high image quality is adopted in the driving 
method for exciting liquid crystals. 

Fig. 3 is an illustrative drawing of a three terminal 
element type AM drive LCD. Hs basic structure shown in 
Fig. 3(a) comprises a substrate on which a three termi- 
nal element comprising a source, gate and drain is pro- 
vided in a matrix, wherein a liquid crystal layer is 
disposed on tie three terminal element type matrix com- 
posed of a display electrode and capacitor connected to 
the source. A flat (common) electrode substrate without 
any pattern on it is usually used for the transparent 
counter electrode opposite to the substrate of the three 
terminal element type matrix electrode. 

In applying the display panel according to this 
invention, the liquid crystal layer in Fig 3(a) corresponds 
to the liquid crystal 11 in Fig. 1 while tie display elec- 
trode 20 and transparent flat electrode 15 in Fig. 3(a) 
corresponds to the glass plate (substrate) 12 in Fig. 1. 
Although not shown it the figure, the phase compensa- 
tion plate is disposed close to the front or rear face of 
the glass substrate, and the bottom face of the cross 
polarizer are disposed close to the front or rear face of 
the three terminal element matrix 19 while the top face 
of the cross polarizer is disposed close to the front face 
of the phase compensation plate or close to the front 
face of the glass substrate 12. In other words, the dis- 



play panel is divided into image elements in an matrix 
array by the active matrix driving the panel. 

The principle of operation of this kind of LCD is 
shown in Fig. 3(b). After sequentially scanning elec- 
trodes (gate bus, scanning line) X 1t X 2 X n with a 

scanning circuit by a line at a time driving method, the 
three terminal elements on one gate bus is made into 
continuity (on) all at once, thereby supplying signal 
charges to all capacitors connected to these three ter- 
minal elements in a continuity state via signal array 
electrodes (drain bus, signal line) Y 1( Y 2 , Y n from a 
hold circuit in synchronize with this scanning (defined as 
refreshing (recording)). This signal charge continues to 
excite liquid crystals in all the image elements on the 
gate bus until subsequent scanning of the frame. 

While a recording method called a "line at a time 
driving method" is illustrated in Fig. 3(b), a method 
called a "dotted sequential driving method" in which sig- 
nals are sequentially recorded in each image element 
can be also adopted by providing a circuit correspond- 
ing to a scanning circuit connected to a gate bus instead 
of providing a hold circuit. 

Since the spare time before allowing the image ele- 
ments on the scanning line at the bottom of the display 
to arrive at a desired half-tone image in the sequential 
color illumination method is one third of that in the 
micro-color filter method, it is inevitable that the record- 
ing time is made short. In this case, the orientation state 
will be unstable without attaining Hs saturated state by a 
usual single recording in a liquid crystal with relatively 
low purity and low resistivity, thereby sometimes deteri- 
orating total image qualities. Such a problem could be 
avoided by two or more times of repeated recording. 

Therefore, it is preferable in this invention to provide 
addressing device that allows two or more times of 
addressing into each image element during every illumi- 
nation with each color. This will reduce the production 
cost since limitations on the purity of the liquid crystal 
are relaxed. Such a recording device can be easily con- 
structed because it corresponds to a control circuit in 
which the scanning frequency of the scanning circuit in 
Fig. 3(b) is 1/N of the fold frequency of the hold circuit, 
provided that the recording times are N. 

From the fact that the recording time is shortened 
as described above, it is preferable to adopt ploysilicon, 
which has a higher response speed than amorphous sil- 
icone widely used in conventional TN cells with color fil- 
ters, as a material for TFT to be provided in the liquid 
crystal display according to this invention. 

(Examples) 

By using a bend cell having a cell gap of 6 um, vis- 
cosity of 27.8 mPa * s and pre-titt angle of 5 ° , wherein 
LIXON TD-6004XX made by Chisso Co. was used as a 
liquid crystal, display characteristics were measured by 
experimentally simulating an active matrix LCD (AM- 
LCD) using TFT. A FET (field effect transistor) driving 
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circuit was constructed by assuming the bend cell 1 to 
be an image element of AM-LCD in this experiment as 
shown in Fig. 4. with twice of the accumulation capacity 
of the capacitor Cs than that of the liquid crystal cell. 
The plane light source 7 was constructed so that R, Q 5 
and B equally and sequentially illuminate the rear face 
of the bend cell 1 through a light guide plate 22 and 
scattering plate 13 from each cold cathod fluorescent 
lamp emitting each color of R, G and B as shown in Fig. 
5. 70 

Fig. 6 is an illustrative drawing of the AM-LCD sim- 
ulation experiment in which (a) to (c) are gate voltage 
Vg, drain voltage Vd and source voltage Vs. respec- 
tively, while (d) and (e) being a transmittance response 
curve of the liquid crystal cell and an output of a back 15 
light, respectively. The common voltage Vc was set to a 
constant value (about 7V). 

Six times of refresh (recording) was carried out dur- 
ing one display time (6 ms as hitherto described) of one 
color component for each image element While one 20 
recording time corresponds to 1 ms in this case, a 
recording time of 2 ps per one scanning line was made 
equal to the pulse width of 0.998 ms by intending to 
allow the recording time to correspond to image ele- 
ments in the display having 500 scanning lines. 25 

The reason why two or more times of refresh is car- 
ried out is as follows. 

The response time for orientational changes of liq- 
uid crystal molecules is 1 to 3 ms, being very slow com- 
pared with the recording time of 2 ps per one scanning 30 
line as described above. Therefore, twice or more times 
of refresh before changing orientation to a required 
degree enables more accurate display of half-tone 
images. At the initial stage of refresh, the voltage may 
be more largely changed than the voltage correspond- 35 
ing to the desired half-tone images, followed by 
impressing a prescribed half-tone voltage. Otherwise, 
refresh may be applied only one time by imposing a volt- 
age determined by taking the electric capacity change 
accompanied by orientational changes into account 40 
Moreover, the voltage considering the changes of half- 
tone images as described above may not he applied 
when some discrepancy in half-tone images due to 
electric capacity change is ignored. When refresh is 
applied only one time, one recording time becomes 3 45 
ms and the recording time per one scanning line 
becomes 6 ps, since recording may be carried out 
within about one half of the display time per one color of 
6 ms. When a longer recording time is required, the 
emission time of the light source is shortened, for exam- so 
pie to 1 ms, so that the recording time for all display 
panel becomes 5 ms, enabling to take as long a time as 
10 us per one scanning time. While polarity of Vd is 
inverted for every scanning line as in the example 
shown in Fig. 6. the polarity in one frame may be ss 
unchanged while inverting the polarity at the next frame. 
The reason why polarity of Vd is inverted is that, though 
orientation of liquid crystals, transmittance in other 



words, is determined by the root mean square value of 
(Vs - Vc) and is not influenced by polarity, the liquid 
crystal would be broken when a voltage with an identical 
polarity is kept to be impressed. 

Fig. 6 illustrates an example where a voltage 
impression pattern was applied by changing only R. A 
liquid crystal shutter (half-tone variable shutter) is made 
open within a display period of R while it is made close 
within a display period of G and B in Fig 6(e). The val- 
ues of | Vs - Vc | corresponding to open (half-tone 
image 6) and close (half-tone image 1) are 6V and 2V, 
respectively, as shown in Fig. 6(c). As a result, transmit- 
tance of the liquid crystal rapidly responded to the 
impressed voltage attaining a response time of 3 ms in 
both rise and decay periods, thereby obtaining a clear 
monochromatic display of R. 

Similarly, the experiments where the shutter is 
made open during the display period of G or B is carried 
out, obtaining a clear monochromatic display for G or B. 

It was also confirmed that each synthesized color 
display can be obtained with a half-tone image of 6 by 
an experiment in which the shutter is made open for 
combined two or more of colors of R, G and B, and that 
each synthesized cola display with a desired intensity 
can be obtained by an experiment in which an initial and 
final levels of the half-tone image are changed in many 
combinations other than a combination of open and 
close (half-tone image of 1 aid 6) for every combination 
among R, G and B. 

It was made clear from the simulation experiments 
on AM-LCD described above that a full color display 
without any flicker can be realized when an appropriate 
profile of driving wave is devised. 

A remarkable effect for realizing a full color liquid 
crystal display with no need of any color filter and being 
superior to conventional LCD in resolution, view angle 
and productivity can be exhibited according to this 
invention. 

Claims 

1. A liquid crystal display characterized by being pro- 
vided with a display panel in which a phase com- 
pensation plate is disposed in front of a bend 
orientation liquid crystal cell having a cell gap of 7 
ixm or less, said cell and phase compensation plate 
being inserted between two crossed polarizers, a 
TFT active matrix driving each image element by 
dividing said display panel into elements in a matrix 
array, and a surface light source sequentially illumi- 
nating three color lights of red, green and blue on 
the rear face of the display panel. 

2. A liquid crystal display according to Claim 1 pro- 
vided with a recording device for executing two or 
more times of recording to each image element 
prior to illuminating with each color light. 
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A liquid crystal display acceding to Claim 1 or claim 
2, wherein the material for said TFT is polysilicon. 
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FigS (Q) 
12 glass substrate 
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